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(54) Frequency converter circuit for cable modem tuner 



(57) A local oscillation circuit (522, 623) in a fre- 
quency converter circuit (1141, 1142) includes a reso- 
nant circuit (41 1 ). and a differential amplifier circuit (421 ) 
connected to the resonant circuit. The differential ampli- 
fier circuit includes two transistors (511 . 521 ) constitut- 
ing a differential stage. One end of the resonant circuit 
is connected to the base of one transistor (511) via a 
capacitive element (1 4), and to the collector of the other 



transistor (51 2) via a capacitive element (1 5). The other 
end of the resonant circuit is connected to only the base 
of the other transistor via a capacitive element (1 7). Ac- 
cordingly, an unbalanced oscillate operation is per- 
formed in the local oscillation circuit leading to reduction 
of the phase noise caused by decrease in an oscillation 
output due to the trap phenomenon, and an improve- 
ment in reception quality. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a frequency 
converter circuit provided to a tuner contained in a cable 
modenn (referred to as "cable modem tuner" hereinafter) 
which is necessary for high-speed data connmunication 
utilizing any vacant channel of the cable television (re- 
ferred to as "CATV" hereinafter). More particularly, the 
present invention relates to a frequency converter circuit 
applied to a cable modem tuner that can properly main- 
tain the characteristics of high-frequency signals. 

Description of the Background Art 

[0002] The CATV is now introducing HFC (abbrevia- 
tion for Hybrid Fiber/Coax) constituted by employing the 
coaxial cable as the house drop line and employing the 
optical fiber as the trunk line network. The HFC is em- 
ployed for providing data communication service with a 
broad band of several M bits per second to each domes- 
tic site. A high-speed data line of the transmission rate 
of 30 M bits/second with a bandwidth of 6MH2 can be 
implemented even by the 64 QAM (abbreviation for 
Quadrature Amplitude Modulation) which is not regard- 
ed as high technology now. By utilizing any vacant chan- 
nel of CATV, high-speed data communication of 4 M bits/ 
sec to 27 M bits/sec is possible. In order to realize such 
high-speed data communication, a cable modem is re- 
quired that has a main function of converting transmis- 
sion signals to those signals used by domestic data 
processing equipment and vice versa. 
[0003] Fig. 6 is a block diagram of a conventional ca- 
ble modem tuner 100. Referring to Fig. 6. cable modem 
tuner 100 includes an input terminal IN for connecting a 
CATV station 300 with cable modem tuner 1 CO via a ca- 
ble 400 for communication, a data terminal D for input- 
ting data signals modulated by the quadrature phase- 
shift keying by an external QPSK (Quadrature Phase- 
Shift Keying) modulator 500, an output terminal OUT for 
outputting processed IF (abbreviation tor Intermediate 
Frequency) signals, an IF fitter 101, a switching circuit 
102, first tuning circuits 103-105, high-frequency ampli- 
fier circuits 106-108: second tuning circuits 109-111, a 
VHF-HIGH/LOV\/ switching circuit 112, frequency con- 
verter circuits 113 and 114» a PLL (abbreviation for 
Phase-Locked Loop) channel select circuit 115, an IF 
first amplifier circurt 116= an SAW filter 117, an IF second 
amplifier circuit 118, and an upstream circurt 119. 
[0004] As for CATV signals related to the cable mo- 
dem tuner, generally upstream signals (signals transmit- 
ted from the cable modem tuner to the CATV station) 
are operated at 5-42 MHz, and downstream signals (sig- 
nals transmitted from the CATV station to the cable mo- 
dem tuner) are operated at 54-860 MHz. 



[0005] In operation, a data signal applied via data in- 
put terminal D is transmitted via upstream circuit 1 1 9 to 
be output from input terminal IN toward CATV station 
300. Upstream circuit 119 is a low-pass filter having the 
s passband of 5-42 MHz. 

[0006] A signal transmitted from CATV station 300 is 
input to the cable modem (cable modem tuner 1 00) via 
input terminal IN. Processing of the downstream signals 
in cable modem tuner 100 is hereinafter described. 
70 [0007] A downstream signal supplied from input ter- 
minal IN is passed through IF filter 101 , and transmitted, 
by switching circuit 102, to any one of circuitry 201 for 
receiving a UHF band (470-860 MHz) (hereinafter re- 
ferred to as "UHF band circuit"), circuitry 202 for receiv- 
es ing a VHF-HIGH band (170-470 MHz) (hereinafter re- 
ferred to as "VHF-HIGH band circuit"), and circuitry 203 
for receiving a VHF-LOW band (54-170 MHz) (hereinaf- 
ter referred to as "VHF-LOW band circuit") (i.e. to any 
band circuit corresponding to a desired reception chan- 
20 nel). IF fitter 101 is a high-pass filter having the attenu- 
ation band of 5-46 MHz and the passing band of 54 MHz 
and above. 

[0008] One of UHF band circuit 201, VHF-HIGH band 
circuit 202, and VHF -LOW band circuit 203 is selected 

2S according to a desired reception channel. Only the se- 
lected band circurt is in an operating state, and other 
band circuits that are not selected are in a non-operating 
state. For example, when a channel of the UHF band is 
received, UHF band circurt 201, i.e., first tuning circuit 

30 103, high-frequency amplifier circuit 106, second tuning 
circurt 109, and frequency converter circurt 113 are in 
the operating state, and VHF-HIGH band circurt 202 and 
VHF-LOW band circurt 203, i.e., first tuning circuits 104 
and 105, high-frequency amplifier circuits 1 07 and 108, 

35 second tuning circurts 110 and 111, VHF-HIGH/LOW 
switching circurt 112, and frequency converter circurt 
114 are in the non-operating state. 
[0009] Those circuits common to respective band cir- 
curts such as IF filter 101, switching circurt 102. PLL 

40 channel select circurt 115, IF first amplifier circurt 116. 
SAW filter 117, IF second amplifier circuit 118, and up- 
stream circurt 119 are always in the operating state. 
VHF-HIGH/LOW switching circurt 112 and frequency 
converter circurt 114 are common to VHF-HIGH band 

45 circurt 202 and VHF-LOW band circuit 203. and these 
circuits are in the non-operating state only when a chan- 
nel of the UHF band is received. 

[0010] An operation in UHF band circuit 201, 
VHF-HIGH band circurt 202 and VHF-LOW band circurt 

50 203 is now described. A signal received via input termi- 
nal IN, IF filter 101 and swrtching circurt 102 is supplied 
to one of the first tuning circurts 103-105. The received 
signal is output from the one of the first tuning circuits 
1 03-1 05 as a signal of a desired frequency, amplified by 

55 a corresponding one of high-frequency amplifier circurts 
106-108 in the next stage, and thereafter supplied to a 
corresponding one of the second tuning circuits 
1 09- 111. The supplied signal is input to the correspond- 
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ingoneoi Ihe second tuning circuits 109-111 and output 
therefrom again as a signal of the desired frequency to 
be supplied to a corresponding one of frequency con- 
verter circuits 1 1 3 and 114. 

[0011] Frequency converter circuits 113 and 114 are 
respectively constttuled of respective mixer circuits 51 
and 61 and respective local oscillation circuits 52 and 
62. From the corresponding one of frequency converter 
circuits 11 3 and 114. an IF signal obtained by mixing the 
high frequency signal supplied from the corresponding 
one of the second tuning circuits 109-111 with an oscil- 
lation signal from a corresponding one of local oscilla- 
tion circuits 52 and 62 using a corresponding one of mix- 
er circuits 51 and 61 is output. In other words, the high- 
frequency signal output from second tuning circuits 
109-11 1 IS convened to the IF signal by frequency con- 
verter circuits 1 1 3 and 114 The oscillation frequency of 
local oscillation circuits 52 and 62 each is controlled by 
PLL channel select circuit 115. Frequency converter cir- 
cuits 113 and 1 14 and PLL channel select circuit 115 
are formed asi an IC ol one chip. 

[0012] The tF signal is thus output from the corre- 
sponding one ol UHF band circuit 201 , VHF-HIGH band 
circuit 202 and VHF-LOW band circuit 203, amplified by 
IF first amplilicr crrcuil 116, then amplified again by IF 
second ampliltor circuit 118 via SAW filter 117, and out- 
put from output terminal OUT 

[001 3] Fig. 7 shows a conventional circuit structure of 
frequency convenor circuit 114 illustrated in Fig. 6. In 
cable modem tuner 100. frequency convertercircuit 114 
which is common to VHF-HIGH band circuit 202 and 
VHF-LOW band circuit 203 has the structure illustrated 
in Fig. 7. Referring to Fig. 7, an IC13 is connected to a 
resonant circuit 41 connecting terminals T5-T7 via feed- 
back capacitors 14-17 that are described in the follow- 
ing. 

[0014] IC1 3 includes a differential amplifier circuit 42, 
mixer circuits 1 and 2 that constitute mixer circuit 61, 
buffer amplifiers 3 and 4. terminals Tl and T2 for input 
and terminals T3 and T4 for output to and from mixer 
circuits 1 and 2. and a terminal T8 to apply power supply 
voltage VCC. 

[001 5] Differential amplifier circuit 42 includes transis- 
tors 51 and 52 that constitute a differential stage, bias 
resistors 7, 8, 10 and il , collector resistors 6 and 12, 
and an emitter resistor 9. 

[0016] Power supply voltage VCC applied to terminal 
T6 is divided by bias resistors 7 and 8 and bias resistors 
10 and 11 to be supplied to the bases of transistors 51 
and 52 respectively that constitute the differential stage. 
Power supply voltage VCC applied to terminal TB is also 
supplied to the collectors of transistors 61 and 52 via 
collector resistors 6 and 12 respectively. The emitters of 
transistors 51 and 52 are commonly grounded via emit- 
ter resistor 9. The bases of transistors 51 and 52 are 
respectively connected to the input stages of respective 
mixer circuits 1 and 2 via buffer amplifiers 3 and 4. 
[0017] Resonant circuit 41 and differential amplifier 



circuit 42 within IC1 3 are connected as follows. One end 
of resonant circuit 41 Is connected to the base of tran- 
sistor 51 via feedback capacitor 1 4. and to the collector 
of transistor 52 via feedback capacitor 1 5. The other end 

5 of resonant circuit 41 is connected to the collector of 
transistor 51 via feedback capacitor 1 6, and to the base 
of transistor 52 via feedback capacitor 17. 
[0018] In operation, change of the bias voltage upon 
application of the supply voltage causes signals oscil- 

10 lating at the resonance frequency (1 00-500 MHz) of res- 
onant circuit 41 because of a balanced oscillate opera- 
tion in local oscillation circuit 62 to be applied to mixer 
circuits 1 and 2 in reversed phases relative to each oth- 
er. Accordingly, high-frequency signals of VHF supplied 

^5 from VHF-HIGH/LOW switching circuit 112 via terminals 
Tl and T2 are converted to IF signals by mixer circuits 
1 and 2 to be output from terminals T3 and T4 respec- 
tively. The IF signals output from terminals T3 and T4 
respectively are combined, with one of the IF signals 

20 having a reversed phase relative to the other IF signal, 
to be supplied to IF first amplifier circuit 116 shown in 
Fig. 6. VHF-HIGH/LOW switching circuit 112 allows 
high-frequency signals output from second tuning circuit 
110 to be applied to terminals Tl and T2 with phases 

25 reversed relative to each other when the VHF-HIGH 
band is received, and allows high-frequency signals out- 
put from second tuning circuit 111 to be applied to ter- 
minals Tl and T2 with phases reversed relative to each 
other when the VHF-LOW band is received. 

30 [0019] The resonance frequency of resonant circuit 
41 is variably set by tuning voltage applied to terminal 
T5. When the VHF-HIGH band is received, voltages of 
a high level and a low level are applied respectively to 
terminals T6 and T7. When the VHF-LOW band is re- 

35 ceived. voltages of the low level and the high level are 
respectively applied to terminals T6 and T7. According- 
ly, the variable band of the resonance frequency is 
changed depending on the VHF-HIGH band and 
VHF-LOW band. 

40 [0020] In cable modem tuner 1 00, the high-frequency 
signals supplied via first tuning circuits 103-105, high- 
frequency amplifier circuits 106-108, and second tuning 
circuits 109-111 are frequency -converted to IF signals 
by frequency converter circuits 113 and 114 as de- 

45 scribed above. In this case, it is desirable that noises 
generated in the frequency-converting operation are re- 
stricted as much as possible. In particular, when local 
oscillation circuits 52 and 62 are controlled by the PLL, 
the phase noise generated from local oscillation circuits 

so 52 and 62 respectively deteriorates C/N ratio (Carrier to 
Noise ratio). 

[0021] However, in the conventional structure, local 
oscillation circuit 62 performs the balanced oscillate op- 
eration and the feedback capacitors are connected to 
55 the collector sides of respective transistors 51 and 52 
constituting the differential stage in frequency converter 
circuit 114 which is common to VHF-HIGH band circuit 
202 and VHF-LOW band circuit 203 as illustrated in Fig. 
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7, so that the collectors of transistors 51 and 52 are in- 
ductive tor the high-frequency signals. Therefore, when 
capacitive elements are connected to the collector sides 
of transistors 51 and 52, a parasitic series resonant cir- 
cuit is formed, resulting in the so-called trap phenome- 
non. The trap phenomenon is remarkable especially in 
the frequency band of the VHF-HIGH band. The para- 
sitic series resonant circuit formed in the trap phenom- 
enon absorbs the power for oscillation, so that oscilla- 
tion output decreases and the phase noise increases. 
For this reason, the quality in reception of the VHF-HIGH 
band is not fine in the conventional cable modem tuner 
100. 

[0022] In addition, the circuit performing the balanced 
oscillate operation requires a large oscillation power and 
the local leakage related to an oscillation signal increas- 
es. Further, since transistors 51 and 52 constituting the 
differential stage are required to be formed as the com- 
plementarily symmetric type transistors, the stability in 
oscillation is unsatisfactory. The large number of com- 
ponents associated with the oscillation circuit leads to 
the poor economy. 

SUMMARY OF THE INVENTION 

[0023] One object of the present invention is to pro- 
vide a frequency converter circuit for a cable modem 
tuner having a local oscillation circuit with reduced 
phase noise to improve quality in reception, and achiev- 
ing improved local leakage, oscillation stability, and 
economy. 

[0024] In order to accomplish the object above, a fre- 
quency converter circuit for a cable modem tuner for 
converting a high-frequency signal received by the ca- 
ble modem tuner to an intermediate frequency signal In 
a desired channel is structured as follows. 
[0025] The frequency converter circuit includes a lo- 
cal oscillation circuit having a resonant circuit, and hav- 
ing a differential amplifier circuit formed of first and sec- 
ond transistors that constitute a differential stage and 
connected to the resonant circuit. The resonant circuit 
and the differential amplifier circuit are connected in a 
manner described below. One end of the resonant cir- 
cuit is connected to the base of the first transistor via a 
first capacitive element, and to the collector of the sec- 
ond transistor via a second capacitive element. The oth- 
er end of the resonant circuit is connected to only the 
base of the second transistor via a third capacitive ele- 
ment. 

[0026] According to the manner of connection above, 
only the second transistor of two transistors constituting 
the differential stage functions as a transistor for oscil- 
lation that performs an oscillate operation using a signal 
output from the resonant circuit. Therefore, an unbal- 
anced oscillate operation is performed in the local oscil- 
lation circuit. As a result, the trap phenomenon due to 
the conventional balanced oscillate operation does not 
easily occur so that reduction of the phase noise and 



improvement of the reception quality are achieved. The 
unbalanced oscillate operation decreases the oscilla- 
tion power to reduce the local leakage. The oscillate op- 
eration is stabilized since the first and second transistors 

5 are not of the complementarity symmetric type. Com- 
pared with the conventional circuit performing the bal- 
anced oscillate operation, the number of components is 
reduced since the circuitry associated with connection 
between the collector side of the first transistor and the 

10 resonant circuit is eliminated to improve economy. 
[0027] In the manner of connection described above, 
the collector of the first transistor and the collector of the 
second transistor may be connected and the emitter 
sides of the first and second transistors nnay be ground- 

T5 ed. 

[0028] Accordingly, the first transistor operates as an 
impedance converting transistor that eliminates an im- 
pedance unmatched state caused by the fact that the 
collector side of the second transistor is a high-imped- 
ance circuit and the emitter side thereof is a low-imped- 
ance circuit. The oscillate operation in the second tran- 
sistor is thus stabilized. 

[0029] The resonant circuit described above includes 
a fourth capacitive element and an inductive element, 
and the magnitude of inductance of the inductive ele- 
ment is variably set according to a desired channel. 
[0030] In addition, a high-frequency signal received 
by the cable modem tuner has a plurality of different fre- 
quency bands corresponding to a desired channel. 
[0031] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Fig. 1 is a block diagram of a cable modem tun- 
er according to an embodiment of the present invention. 
[0033] Fig. 2 illustrates a structure of a frequency con- 
verter circuit of the cable modem tuner according to the 
present invention. 

[0034] Fig. 3 is a timing chart provided for describing 
an operation of thefrequency converter circuit illustrated 
in Fig. 2. 

[0035] Fig. 4 is a graph showing a result of measure- 
ment of C/N ratio relative to each frequency for the con- 
ventional cable modem tuner and the cable modem tun- 
er according to the embodiment of the present invention. 
[0036] Fig. 5 illustrates another structure of the fre- 
quency converter circuit of the cable modem tuner ac- 
cording to the present invention. 

[0037] Fig. 6 is a block diagram of the conventional 
cable modem tuner 

[0038] Fig. 7 illustrates a conventional circuit struc- 
ture of a frequency converter circuit shown in Fig. 6. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] An embodiment of the present invention will be 
described hereinafter with reference to the drawings. Al- 
though the description is applied to a circuit for VHP sig- 
nals in this embodiment, the descriptbn is applicable 
similarly to a circuit lor UHF signals. 
[0040] A difference between a cable modem tuner 
1000 of the embodiment illustrated in Fig. 1 and cable 
modem tuner 100 illustrated in Fig. 6 is that frequency 
converter circuit 114 of cable modem tuner 100 is re- 
placed by a frequency converter circuit 1141 (11 42). The 
structure of Fig. 1 except for the difference described 
above is similar to that of Fig. 6, and description thereof 
is omitted. 

[0041 ] Fig. 2 shows a structure of frequency converter 
circuit 1141. Referring to Fig. 2, frequency converter cir- 
cuit 1141 Includes a mixer circuit 61 , buffer amplifiers 3 
and 4, a local oscillation circuit 622 connecting terminals 
T15-T18, and terminals T1-T4. 

[0042] Mixer circuit 61 includes a mixer circuit 1 con- 
necting input terminal T1 and output terminal T3, and a 
mixer circuit 2 connecting input terminal T2 and output 
terminal T4. Mixer circuits 1 and 2 mix oscillation signals 
respectively generated by local oscillation circuit 622 
and supplied from respective buffer amplifiers 3 and 4 
of the preceding stage with high-frequency signals sup- 
plied from a VHF-HIGH/LOW switching circuit 112 via 
terminals T1 and T2 respectively for converting them in- 
to I F signals, and the IF signals are output from terminals 
T3 and T4 respectively. The operation in mixer circuit 61 
is similar to the conventional operation. 
[0043] Local oscillation circuit 622 includes a reso- 
nant circuit 41 1 , a differential amplifier circuit 421 , feed- 
back capacitors 14, 1 5 and 17, a bypass condenser 24. 
bias resistors 26 and 28 of a variable capacitance diode 
25 described below, and bias resistors 27, 29 and 30 of 
an SW (abbreviation for switching) diode 23 described 
below. 

[0044] Differential amplifier circuit 421 includes tran- 
sistors 511 and 521 constituting a differential stage, bias 
resistors 97, 98, 90 and 91 , collector resistors 96 and 
92. and an emitter resistor 99. 

[0045] Power supply voltage VCC applied to terminal 
T1 8 is divided by bias resistors 90 and 91 to be supplied 
to the base of transistor 521 which is one of the transis- 
tors constituting the differential stage. The collector of 
transistor 521 is connected to the collector of transistor 
511 via bias resistors 92 and 96. The base of transistor 
511 is grounded via bias resistor 98. The base of tran- 
sistor 511 is also connected to the collector side of tran- 
sistor 511 via bias resistors 96 and 97. Accordingly, 
when transistor 51 1 is turned on, the output from the col- 
lector side of transistor 511 is fed back to the input of 
the base side. 

[0046] Resonant circuit 411 includes a variable fre- 
quency control condensers 1 S and 22, resonant coils 1 9 



and 20, a tuning condenser 21 , SW diode 23, and vari- 
able capacitance diode 25. X^riable capacitance diode 
25 is reverse-biased by voltage (tuning voltage) applied 
to terminal T1 5 via bias resistors 26 and 27. By changing 
5 the level of the tuning voltage, the resonance frequency 
of resonant circuit 411 is varied. 

[0047] SW diode 23 is operated by supplying voltage 
applied to terminals T16 and T17 via bias resistors 
27-30. Bypass condenser 24 is provided for SW diode 
23. When the VHF-HIGH band is received, voltages of 
the bw level and the high level are applied to terminals 
T16 and T17 respectively. When the VHF-LOW band is 
received, voltages of the high level and the low level are 
applied to terminals T16 and T17 respectively. 
[0048] Accordingly, when the VHF-HIGH band is re- 
ceived, SW diode 23 is turned on and the inductance 
component is only resonant coil 19 in resonant circuit 
411. When the VHF-LOW band is received, SW diode 
23 is turned off and the Inductance components are 
formed of resonant coils 1 9 and 20. A variable band of 
the resonance frequency is changed depending on 
whether the VHF-HIGH band is received or the 
VHF-LOW band is received, by change In the magnitude 
of the inductance in resonant circuit 411 . 
[0049] Resonant circuit 411 and differential amplifier 
circuit 421 are connected in the manner described be- 
low. One end of resonant circuit 411 is connected to the 
base of transistor 511 via feedback capacitor 1 4 and to 
the collector of transistor 521 via feedback capacitor 1 5. 
The other end of resonant circuit 411 is connected to 
only the base of transistor 521 via feedback capacitor 
17. 

[0050] An operation of the local oscillation circuit illus- 
trated in Fig. 2 will be described below. Referring to Fig. 
3, a waveform of a signal detected at a point A (collector 
side of transistor 521 ) and a waveform of a signal de- 
tected at a point B (base side of transistor 521) in the 
operation of the circuit shown in Fig. 2 are illustrated 
such that they correspond to each other. In operation, 
the change of the bias voltage upon application of the 
power supply voltage via terminal T1 8 causes resonant 
circuit 41 1 to oscillate at a resonance frequency accord- 
ing to each voltage level on temninals T15-T17. At this 
time, transistor 521 operates as an amplifier circuit so 
that the signals detected at points A and B have phases 
reversed relative to each other as illustrated in Fig. 3. 
Specifically, an oscillation signal of resonant circuit 411 
generated when the supply voltage is applied is provid- 
ed to the base side of transistor 521 , amplified by tran- 
sistor 521 , and output from the collector side of transis- 
tor 521 to a tank circuit formed of variable capacitance 
diode 25, and resonant coil 1 9 or 20. The signal output 
from transistor 521 is passed through the tank circuit 
with its phase reversed or with the same phase as that 
of the signal at point B, and supplied to the base side of 
transistor 521. Therefore, the oscillation signal is further 
amplified by transistor 521 and the oscillate operation 
continues. Transistor 511 operates as an impedance 



IS 



20 



2S 



30 



35 



40 



45 



SO 



SDOCID: <EP_0920121A1 J_> 



9 



EP 0 920 121 A1 



10 



converting transistor tor impedance-matching relative to 
transistor 521 In the osclliate operation, the amplitude 
of the oscillation signal is largest in a tank circuit formed 
of variable capacitance diode 25, resonant coil 19, var- 
iable frequency control condenser 1 B, and feedback ca- 
pacitor 14 In othor words, the tank circuit is a high-im- 
pedance circuit The emitter side of transistor 521 is a 
low-impedance circuit in the oscillate operation. Accord- 
ingly, an impedance unmatched state occurs in transis- 
tor 521 and a normal operation can not be ensured. 
Therefore, not the feedback capacitor but the collector 
side of transistor 521 is connected to the collector side 
of transistor 511 to achieve an impedance matched 
state of transistor 521. Transistors 521 and 511 consti- 
tuting the differential stage thus operate respectively as 
a transistor for oscillation and a transistor for impedance 
conversion Accordingly, the oscillate operation of local 
oscillation circuit 622 ts the unbalanced type to avoid the 
trap phenomenon 

[0051] As a result, increase of the phase noise due to 
decrease of the osculation output of local oscillation cir- 
cuit 622 is restricted Compared with the conventional 
circuit, the C/N ratio doe not deteriorate in a specific re- 
ception frequency band as illustrated in Fig. 4 to improve 
reception quality 

[0052] Local oscillation circuit 622 performs the un- 
balanced oscillate operation. Therefore, the oscillation 
power decreases, leading to reduction the local teak- 
age. Further, the oscillate operation is stabilized since 
transistors 511 and 521 constituting the differential 
stage are not structured as the complementarily sym- 
metric type. Further, the number of components asso- 
ciated with local oscillation circuit 622 and therefore ca- 
ble modem tuner 1000 is reduced compared with the 
conventional circuit since the feedback capacitor on the 
collector side of transistor 511 which is one of the tran- 
sistors constituting the differential stage is eliminated, 
leading to an improved economy. 
[0053] Frequency converter circuit 1 1 42 shown in Fig. 
5 may be applied to cable modem tuner 1000 shown in 
Fig. 1. Frequency converter circuit 1142 in Fig. 5 is char- 
acterized in that a local oscillation circuit 623 with bias 
resistor 28 removed is provided that corresponds to lo- 
cal oscillation circuit 622 of frequency converter circuit 
1141 in Fig. 2. The structure of frequency converter cir- 
cuit 1142 except for the structure described above is 
similar to that illustrated in Fig. 2, and description thereof 
is omitted. Bias resistor 25 may be eliminated and res- 
onant circuit 411 may be grounded as illustrated in Fig. 
5. Accordingly, the number of components associated 
with local oscillation circuit 623 is reduced since bias 
resistor 28 is removed, and thus an excellent economy 
is achieved. Since local oscillation circuit 623 performs 
the unbalanced oscillate operation, the oscillate opera- 
tion is ensured even if bias resistor 28 is removed. (In 
the balanced oscillate operation, the oscillate operation 
is not performed if bias resistor 28 is removed and res- 
onant circuit 411 is grounded.) However, the local leak- 



age related to an oscillation signal increases. Therefore, 
this circuit structure is especially effective if measures 
to cope with the leakage relative to local oscillation cir- 
cuit 623 are taken. 

5 [0054] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 

10 terms of the appended claims. 



Claims 

^5 1. A frequency converter circuit (1141, 11 42) for cable 
modem tuner which is provided to a cable modem 
tuner (1000) for converting a high-frequency signal 
received by said cable modem tuner to an interme- 
diate frequency signal of a desired channel, com- 
prising 

a local oscillation circuit (622, 623) including a 
resonant circuit (411), and a differential ampli- 
fier circuit (421) comprising first and second 
transistors (511 , 521) constituting a differential 
stage and connected to said resonant circuit, 
wherein 

one end of said resonant circuit is connected to 
the base of said first transistor via a first capac- 
itive element (14) and to the collector of said 
second transistor via a second capacitive ele- 
ment (15), and the other end of said resonant 
circuit is connected to only the base of said sec- 
ond transistor via a third capacitive element 
(17). 

The frequency converter circuit for cable modem 
tuner according to claim 1 , wherein the collector of 
said first transistor is connected to the collector of 
said second transistor, and emitter sides of said first 
and second transistors are grounded. 

The frequency converter circuit for cable modem 
tuner according to claim 1 , wherein 

said resonant circuit includes a fourth capaci- 
tive element (21 ) and an inductive element (1 9, 
20), and 

a magnitude of inductance of said inductive el- 
ement is variably set according to said desired 
channel. 

The frequency converter circuit for cable modem 
tuner according to claim 1 , wherein said high-fre- 
quency signal received by said cable modem tuner 
has a plurality of different frequency bands corre- 
sponding to said desired channel. 
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5. A frequency converter circuit (1141. 11 42) for a ca- 
ble modem tuner (1000) for converting a high-fre- 
quency signal received by said cable modem tuner 
to an intermediate frequency signal of a desired 
channel, comprising s 

a local oscillation circuit (622, 623) including a 
resonant circuit (411), and a differential ampli- 
fier circuit (421) comprising first and second 
transistors (511 , 521 ) constituting a differential io 
stage and connected to said resonant circuit, 
wherein 

the connections between said resonant circuit 
and the first and second transistors of said dif- 
ferential stage are such that only one of said 
first and second transistors functions as an os- 
cillation transistor, whereby the local oscillation 
circuit is adapted to perform unbalanced oscil- 
lation, 

20 
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